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NO3 的吸附需要克服一定的能垒。单个 NO2 或 NO3 在缺陷位置的化学吸附可以
使(10,0)纳米管呈现金属行为，但化学吸附第二个 NO2 或 NO3 分子后，这些(10,0)
管又转变成半导体。计算表明，横断方向的外加电场在调控管与吸附物种间的电
荷转移过程中起着重要的作用。 



























































                             Abstract 
Nanomaterials offer promising applications in nanoscale electronics and optics due 
to their unusual optical, electronic, magnetic, thermal, and mechanical properties. 
One-dimensional single-walled carbon nanotubes (SWNT), two-dimensional 
graphene, and their isoelectronic boron nitride (BN) nanostructures as important 
low-dimensional nanomaterials have a standing interest in physics, chemistry, and 
materials science. In the present work, we have studied the structural, electronic, and 
magnetic properties of low-dimensional C and BN nanomaterials by first-principles 
calculations, and the effects of adsorption of small molecules on the surface and 
structural and chemical modifications on their electronic and magnetic properties 
were explored theoretically. Our calculations provide useful implications for the 
realization of the hybrid BCN-based spintronic devices. 
The main results in the dissertation are summarized as follows: 
(1) The presence of the Stone-Wales topological defect and single vacancy defect can 
influence the interaction of NOx (x=1,2,3) with the semiconducting (10,0) SWNT and 
modify its electronic properties. The chemisorption of NOx (x=1,2,3) at the defect site 
is generally stronger than that on the perfect (10,0) SWNT. The adsorption of NO2 is 
barrier-free process, while there is a barrier for the adsorption of NO3. The 
chemisorption of one NO2 or one NO3 at the defect site can lead to the metallic 
property of defective carbon nanotubes (CNTs). However, after chemisorption of two 
NO2 or two NO3 molecules, these CNTs again become semiconductors. The reverse 
electric fields were predicted to play an important role in manipulation of the charge 
transfer between the tube and the adsorbed species. 
(2) Density functional calculations have been used to investigate the relative 
stabilities and electronic and magnetic properties of single vacancy defect and 
substitutional doping with carbon in the zigzag BN nanoribbons. The calculated 
results show that the relative stabilities of the vacancy defect and the C-doping at the 
boron site can be enhanced as the defect and doping sites move towards the boron 















reduce gradually as the C-doped site moves towards the B edge. The vacancy and 
C-doping defects can induce spontaneous magnetization, and manipulate the 
electronic and magnetic properties of the zigzag BN nanoribbons. The boron vacancy 
defect can result in magnetic moments of 3.0-1.0 μB per defect and even realize the 
desired half-metallic feature in ZBNNR. 
(3) The N doping can notably modify the electronic and magnetic properties of 
finite-size and open-ended zigzag CNTs. The N doping at the edge site of (10,0,L) is 
generally favorable energetically. Such N doping can break spin degeneracy of 
(10,0,L) and reduce the magnetic moment of edge carbon atoms near the defect site, 
leading to suppression of spin polarization. The perturbation of π/π* states localized at 
the doped edge may be responsible for the spin suppression regardless of the diameter 
of tube. The antiferromagnetic (AFM) ground state and features of localized edge 
states of finite-size zigzag (n,0,L) CNTs can be maintained for the symmetrical or 
asymmetrical substitution of single N atom for one C atom at each edge. Under an 
external electric field, the finite-length and open-ended N-doped zigzag CNT exhibits 
tunable electronic properties from the half-semiconducting to semiconducting-state 
transition as the electric field strength increases.  
(4) The electronic and magnetic properties of carbon chain-doped zigzag BN 
nanoribbons (ZBNNRs) were investigated by the density functional calculations. The 
zigzag BN nanoribbons with the H-saturated B edge and the bare C edge maintain a 
spin-polarized ground state with the ferromagnetic ordering localized at the C edge, 
regardless of the doping concentrations and the ribbon widths. In the absence of 
electric field, these chemically doped ZBNNRs exhibit half-semiconducting → 
half-metallic → metallic behavior transitions as the number of the zigzag carbon 
chains replacing the zigzag BN chains gradually increase. 
(5) The first-principles calculations have been used to study the structural and 
electronic properties of the completely hydrogenated boron nitride sheets and 
nanoribbons. These hydrogenated boron nitride sheets and nanoribbons were 
predicted to have favorable formation energies. The hydrogenated zigzag boron 















hydrogenated armchair boron nitride nanoribbons are nonmagnetic semiconductors 
with the wide direct band gaps which decrease with the increasing of the ribbon 
width. 
 
Keywords: Single-walled carbon nanotubes; Graphene; Boron nitride nanoribbons; 
Density functional theory; Frist-principles calculations; Defects; chemical doping; 




























第一章  绪论 
 1 
 
第一章    绪论 
1. 1 基于石墨烯纳米材料的研究进展 
自从 2004 年英国曼彻斯特大学的 Andre Geim 等[1]发现石墨烯以来，它就引








Figure 1.1 Graphene (top left) is a honeycomb lattice of carbon atoms. Graphite (top 
right) can be viewed as a stack of graphene layers. (bottom left) Carbon nanotubes are 
rolled-up cylinders of graphene. Fullerenes C60 are molecules consisting of wrapped 
graphene by the introduction of pentagons on the hexagonal lattice. (Ref. 2) 
 
1. 1. 1 石墨烯纳米材料的制备 
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